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One of the fundamental operations 
to he performed with cle<*tronie eireuiUs 
is that of amplitude eomparison. Auip- 
litudf comparison is the determination 
of eriuality between two voltagc*s, rather 
than the selection of a waveform that is 
above or below a given amplitude, as in 
amplitude selection. The amplitude com¬ 
parator does not result in the faithful 
rcprodiK’tioii of a portion of a wave¬ 
form. but rather, pnaluces an output 
puls(‘ at the moment of equality of two 
voltages. 


Tlie operation of any amplitude com¬ 
parator dep<Mids upon the characteris¬ 
tics of some non-linear device. First, let 
us consider an amplitude comparator 
using an ideal diode, as shown in Figure 
1. The diode is .simply a switch. Wluni 
the input voltage is negative, the output 
is zero; when the input voltage is posi¬ 
tive, the output is K times the input 
until the amplifier rca(‘he.s .saturation. 
A change in the amplifier gain can 
change only the .slope «»f the input-out¬ 
put relation. The discontinuity of .slope 
is determiiRsl completely by the ideal 
diode. If the output is dilTerentiated. a 
voltage step will 1 k‘ obtained at the 
moment the input cros.ses zero volts. 
Only the magnitude of the .step will de- 
pi*nd on the amplifier gain and the rate 



ideal diode 
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of rhaiiRo of the* input voltagr. 

Fiipin* 2 shows what hap|XMis when a 
more prartieal diode is used. rht*re is no 
dis(!oiitinuity of slopi*. 1'he arnplifitM* 
gain elianges not only the slope of tin* 
input-output ehani(tensti<*. hul also 
the point at whieh the eurve npia'iirs to 
depart from zero. If this output isdilTer- 
entiated, a pulse will h<* obtained Ihuh 
the magnitude and position of the out¬ 
put pulse, how«*ver, de|X‘nd upon am¬ 
plifier gain. I'hus. the aecMiraey of an 
nm|»litude comparator baseil on a prac¬ 
tical dio<le depeinis not only upon the 
stat>ilit> of the diode chara<terisli<’, 
but also»ipon theal;ility of the circuitry 
to determine some point on tin* non¬ 
linear characteristic. 

rhere aiv Iwt* btusie classes of aint)li- 
tufle comparators. First, are tho.se* that 
use linear amplification and pul.se shap¬ 
ing. 'riiis group is .subje<*t to the diffi¬ 
culties vsliown in Figiirt' 2. Khey are all 
“slope sensitive.” that is, the time* at 
which the output waveb^rm reaches a 
given voltage level depends upon the 
fre(|uency or slope of the input voltage. 
The amount of gain in the amplitude 
comtKuator determinc.s the minimum 
fref|ueney at which operation is pos.si- 
ble. (Jbv'iously, these circuits are useless 
as d-e comparators. 

The s4n*ond group consi.sts of those 
that use a regenerative amplifier around 
a non-lin(‘ar device. In this group, the 
output pulse is initiated when the input 


voltage reaehi's some predetermined d-c 
level. Tlie pul.se ri.se time is determined 
by the bandwidth of ih<* regenerative 
amplifier. In many of the.se circuits, the 
n*generative amplifier and no?i-linear 
d<*vice an* combint'd intc) one triode. 

'['he familiar blocking o.scillator shown 
in Figure 3 is a fyf>ical example. 'I'he 
lransform(*r in the plate circuit provide.s 
the po.sitive fe<‘dback path. If the input 
is suffi<*iently negative, the tube is cut 
off. As the input voltage rises, a point i.s 
reached where the tula* starts to con¬ 
duct, and at tliis point a regenerative 
action starts, providing a .sharp nega¬ 
tive pulse at the plate with a slope in- 
(lependent of the* input wavc'form. The 
amplitude* compari.son depends not only 
on the stability of the* triewle* charaeUer- 
istics but also on the* applied plate and 
heater voltages, .since the.se .seriously 
affect the eut-off voltage*. ^ 

.\nother <*xamph* shown in Figure 4 
is a monostable multivibrator, often 
called the “long-tail(*<i pair.*’ \\ is 
normally off. and Vi is on, acting as a 
<*athoele follower since the calluKle re¬ 
sistor is large. As the input voltage and, 
therefore, the cathode of Va go negative, 
a point is r(*ached, det<‘rmined by the 
referen<*e voltage* on the grid of 
where Vj starts to conduct. This com- 
plete.s a positive feedback path from tfie 
plate of V| bae*k to the* eathexie e)f Vi, 
and a regenerative aetie)n starts, pro- 
ducitig a .sharp negative peilse across the 


Figure 3. 



BASIC 

BLOCKING OSCILLATOR 


Figure 4. 
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iiicliictor in the plate of V 2 . Tlic accu¬ 
racy of this circuit alscxiepondsupon the 
stability of the tube characteristics and 
upon the applied voltages, although 



Figure 6. 

drift from heater voltage changes tends 
to cancel to some <legree. 

Figure 5 shows the familiar Schmitt 
trigger cinaiit. \\ is normally on and its 
low t)lato potential holds X’j olT. A de¬ 
creasing input voltage waveform will 
event dally permit \\ to conduct. Posi¬ 
tive feedback through the common 
cathode resistor starts a regenerative 
action, which cuts otT Vi and gives a 
negativ'e output at the plate of V 2 . As in 
^ the |)r(*vious circuits, the point of ampli¬ 
tude comparison depends upon both the 
triodc characteristics and the applied 
voltage. 


One other circuit which is u.seful, 
because it is reasonably independent 
of the amplilier tube characteristics and 
the applied plate voltage, is the Multiar 
shown in I'igure ti. A(‘curacy of ampli¬ 
tude comparison depends primarily upon 
the diode characteristics. Normally, the 
perUode is conducting. The iiositivx* 
feedback path through the transformer 
is broken by the diode, which is non- 
condu<‘ting. When the input voltage 
decrea.ses to the point where the rliode 
conducts, a regenerative action starts, 
rapidly cutting olT the pentode. 

Optimum .sensitivity for this type of 
circuit can be derived and (hunonstrates 
the fundamental limitation. In the func¬ 
tional circuit of Figure 7, the op<in loop 
gain is 


The change in loop gain caused by a 
change in the diode re.sistance is 

(la _ HK 

dr {!{ -f r)® 

The value of R for maximum sen.si- 
tivity, can be found by dilTercntiating 
this exprcs.sion with respect to R and 
setting the result ef|ual to zero. 


Figure 7. Functional schematic of the regenerative 
feedback type of circuit. 
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INPUT 



Figwr* S. Functionol diagram of n«w circwii, in 
which ••ntitivity incr*ot«« dimctly with ompiifinr 
gain. 


[f/r ) ^ (/? -f r)« - 2R (R + r) 

dli “ {R-h r)* 

«=0 

Solving thin equatiuii, we get 
R — T 

For maximum sensitivity, therefore, 
the diode should he operated at its most 
non-linear point, and the series resistor 
should \yc cho.sen to eipial the msistanee 
of the diode at this point. The amplilier 
gain required for optimum sensitivity 
is K = 2. 

In tills type of circuit, the diode is 
used to change the amount of pasifive 
feedback. When the loop gain reaches 
plus one, the circuit will oscillate. In- 
creaswl sensitivity can not l>e olitaincd 
by iiKMvasing the amplifier gain beyond 
K = 2. 

Figure S shows a new circuit in which 
the .sensitivity increases directly with 
amplifier gain. 

The significant difference l>etw(*en 
this circuit and preWous circuits is the 
use of two fetnlback paths: a po.Hlivc 
feinlback path in<*luding the dicsie and 
the resistor Rol and a negative fwdback 
path including the two resistors R. The 


a 

Figure 9. An omplitud* comporofor, boted on 
tho circuit of Figuro 8. 

polarity of the net feedback depends 
upon the difxle nisistaiice. When the 
diixle resistance is greater than the 
net feedback is negative. When the 
diode resisUince is l(?ss than R^, the net 
feedback is positive. .\s the input volt- 
age varies from m*gative to positive, 
the diode impixlance changes, thus 
changing the .sign of the f<‘etlback from 
negative to positive. .\s in other re¬ 
generative circuits, o.scillation occurs 
when the loop gain reaches plus one. 
However, in this circuit, a loop gain of 
plus one can be reached by progres¬ 
sively smaller change.s of dicnle resist¬ 
ance as more and more gain is u.sed in 
the amplifier. 

This circuit makes it jiossible to 
determine a point on the characteristics 
of the non-linear device with as much 
precision as desired. However, no cir¬ 
cuit can improve the inherent stability 
of the non-linear device. 

An amplitude comparator * based on 
this idea is shown in Figure 9. The use 
of four diodes in the bridge gives an¬ 
other factor of four in the simsitivity ^ 
and provides sf)mt» cancellation of drift 
in dio^le charactcristi<!s with tempera- 

* U. S. Patent No. 2.715.7IS. 
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ture. To instiro that the amplitude 
comparator will operate at a particular 
voita^je lev«*l, independeut of the slope 
of the input voltage. r<‘quirv.s that the 
four capacitors that couple the diode 
bridge to the differential amplifier be 
sufliciently small so that a negligible 
amount of the input signal be coupkMl 
to the amplifier stage. For proiM*r opera¬ 
tion. the input voltage staves only to 
change the I'ffective resi.stance of the 
diodes and, therefore, the polarity of 
the fe<*dback. Xoi.se in the amplifier 
stage should then trigger the regener¬ 
ative action. 

If a dn* voltage greater than that 
reciuircHl to start the regenerative action 
is applied to the di<Mle biidge, an output 
puLse will be generated. After this pul.st.*, 
it Ls nf*c<‘s.sary for the plate and grid 
coupling »*apa<‘itors to recharge*. As .soon 
as n*charge iKaairs, another puls(* will be 
gem’rated. 'rhiis. I he outi)ut con.sists of 
a train of pulses spaea^ by the recovt‘ry 
Lime. If the input volttige con.si.sts of a 
.sawfootli sweep, the recovery time can 
Ik’ made sufli<-ienlly long so that the 
circuit will be n*.set by the trailing edg<‘ 
of the sweep, and a single output pulse 
can In* obtniiHKl. 

.Vnother efT<‘ct of the dio<l(*.s and the 
coutding capacitors is a hyst(‘resis effect. 
If the time constants are not cho.scn 
carefully, it will be found that once the 
circuit .-siart.s to oscillate, it reqiiin's a 
relatively large change of ap|)lie<l volt¬ 


age to stop the o.scillat.ion. One of the 
.simplest methods to avoid this effeet i.s 
to u.se small induetors to cout)le the 
.signal voltage to the diode hridge. 

Hy n.sing siiflieient amplifier gain, the 
i*freets of i)late aial healer voltage 
cliang(\s can lx* made as small as de- 
sinxl. With a single double tricxle such 
us the 12A'r7. the gain is suiricient to 
reduce these effects to a few millivolts. 
The .sensitivity of this circuit is about 
onc-tenlh rif a millivolt, 'riiis .s(*nsitivdty 
is so much greater than the stability of 
the diiKles l>eing uscxl that any further 
incroivst* in sensitivity, which could eas¬ 
ily be obtained by adding another stage, 
would be usel(‘.ss. 

In order to measure the sen.sitivity 
an<l al.so to determine how much .stabil¬ 
ity could he obtaimsl. a comparator 
was Iniilt with b)ur germanium diodes. 
'I'o rediKM* thi* elfect of temperature on 
the dio<le eharaetcristic.s, they were 
placed in a small <M*ial-stK*k<*t-.si 7 .e crys¬ 
tal oven. This oven held the crnxle tem- 
p('rature con.stani within one degn*e. 
Figure 10 shows the drift from a cold 
start for a threc-hour period. 'I’he shape 
of the curve f«»r the tirst few minutes as 
tlie oven warms up is irrelevant. Drift 
with the eyeling cif the oven is le.ss than 
one millivolt. 'I'he slow ilrifl is about 2.5 
milliv<»lt.s pi'i* hour and I'luls as the 
(licnles stabili/.e their eliaraeleristics, as 
shown in figure II. Figure 12 shows 
the effects of line voltage. Both plate 


Figur* 10. Thr«a>hour racord of drift of tha naw circuit from a cold start. 
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uikI hcnttT supplies wm* vnried siniul- 
taiUMMisly, 

SiiHM* iluf sensilivity ol* this min- 
paratur is so nm«*li lhau the 

slal)ility of the ili<Mlos usetl in the 
hridilf, it seems (lesiriihle lo find some 
other iioii-Iinoar deviee whieli is more 
stable with 1 1*111 |M*ratun* than th** 
mattium iliodes. As loipi as the noii- 
liiiear di*viee is stable, more sensilivity 
eaii be obtaitu*d by addiuK additional 
amplifier t!;ain. Mtieh work remains to 
be done in this fbreetion. 

In addition to its many appliealions 
in ele<*troni<* ecjuipmenl. this eirenit 
has interestin*i possibilities in indus¬ 
trial measurement and eontrol systems. 


Wherever it is possible to Kcnerate a 
variabh' impeilanee witli lemperaMire, 
pri'ssnre. position, or other (|uantity, 
it is possible to use this eomparator 
eirenit <lire(*tly. without first t!;enerating 
a voltage proportional to the ((uantity 
to be measured. 'I'he ein*uit dia.*s not 
recjiiire voltage information Imt ean ^ 
generate an output pul.se dir«*etly from 
an imiK'danee (*hange. For suefi appli- 
eations, the diode bridge would l>e re¬ 
placed by a eombinalion of linear re- 
.sistors and elenuMits witli a re.si.stanee 
i*hange proportional lo the cjuanlity 
t<i be detected. 'I’hus any of the.se (juan- 
litie.s could be <*onl rolled by a relatively 
simple circuit with high sensitivity. 

— M. C. IIOI.TJE 
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LINE VOLTAGE 



Figure 12. Effect of 
line voltage vorio- 
lions. 
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THE VARIAC AS A MEANS OF PROVIDING 
CONSTANT-POWER-FACTOR, 


VARIABLE-CU 

In ediu*ational-lal)oratory testing of 
aIt<?rnator8 and transformers it is frc- 
(^uently desirable to provide a eonstant- 
power-f actor, vuriable-cnrrcnt load. 
Adjustment of both re.sistive ami re¬ 
active elements t<» achieve ton or twelve 
points f«)r a curve is both tedious and 
time consuming. With the circuit of 
P'ipirc I, the desiretl load magnitude 
can l>e obtained quickly and easily. 

At a 1:1 ratio adjustment i>f the 
Variac .\utotransb»rmer the reactive 
and resistive components are made to 
take approximately full load current 
at the desired power-factor. For other 
(Uirrcnts the Variac is adjusted to 


RRENT LOAD 

other ratios. The load then ap|>ear.s to 
the source as (-V|/A"a)’ {li -h j A' ), where 
Ni and A’a are the turns in the primary 
ami secondary circuits, respectively, 
ami li -f- j.V are the equivalent .s^ri.e^ 
comfxnients of tlie load. While tiu* 
parallel inductance and resistance ,of 
the Variac must l)e taken into account 
at high transformation ratios, tlie simple 
expres.sion is a<le(|uate for most ii.ses,^ 
The single-phase illustration i.s easily 
cxtcndeil to three-piiase circuits by use 
of a three-phase Variac® as.sembly. 

Note: \V<- are indehttsl to Profc?8»)r .1. Hrut^c' 
Wiley, of the University of ()kljihom.a, for this 
iiiterek-iug application of the Variac. — Eiiitoh 



Load magnilud* 
is voriad by od- 
iusHng Varioc, 
while power Foc- 
for remains fixed. 


Amotig the friends from overseas 
whom we have weIcome<l to our plant 
and laboratorie.s at Cambridge during 
the past .several moutlLs ai*e: 

Profes-sor Abrahao Izecksohn, of Es- 
cola Naciotial de Eiigenharia, Rio de 
Janeiro; and Dr. Ouilherrne Itibciro, 
Civil Engineer, Sao Paulo. Rrazil. 

C. S. Itaugan, Scientific Officer, Xa- 
tional I’hysical LalK)ratory, New Delhi; 
ami \’. K. B. Uniii, Senior Technical 


.\Hsi.sfant, India Mcte<»rological De¬ 
partment, Now Delhi, India. 

Enzo Finardi. Sales Manager, Ing. 
Giovanni Caiiegallo, Technical Direc¬ 
tor, and Doramio .Massimello, Director, 
Societa Elettrotecnica Chimica Itali- 
ana, Milan, Italy. 

Dr. Masashi Xaito. Electro Technical 
l.,aboratory, Tokyci; Keiichi Takama, 
IDireirtor and A.ssi.st.ant Chief, .Moisei 
Denki K. K., Tokyo; and Voshiji Toyo- 
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stiima, Fiirukawa Electric Company, 
Lt<r, V’okohama, Japan. 

Andre Levy Sou.ssan, Realisations 
Electroni(|ucs Du Maroc, Casablanca, 
Moro<!co. 

Dr. M. Gevers, Research Project En- 

SOME 

Before the munitions makers start 
bidding; for the right to our new atomic 
rifle, we hasten to explain that, in the 
photograph on page 8 of our Octolier 
ussiie, the bullet was travelling about 
2,7(K) feet |wr second, not lO.CKK). The 
10,(KM) figure is the flashing sixjod of the 
stroboH(!ope, as stated in the first para- 


gineer, Philips Research Laboratories, ^ 
Eindhoven, Netherlands. 

Dr. John R. Whittaker, Principal, 
Technical College, Dundee, Scotland. 

Karl-Akc Jarl>elius, General Swedish 
Electric Company, Ludvika, Sweden. 

ULLET! 

graph of the caption. Dur ballistics ex¬ 
pert denies all responsibility for the 
se<!ond paragraph, claiming that the 
error is obviously an editorial one. 

After an exhaustive investigation 
the editor has decided to apologize 
and to claim he was out of town 
when it happened. 
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